



Hop and Medicinal Plants, Year XXIX, No. 1-2, 2021 
ISSN 2360 – 0179 print, ISSN 2360 – 0187 electronic 
 
Evaluation Of Analytical Methodologies Used In The 
Extraction Of Bioactive Compounds From Almond Seed And 
Brazil Nuts 
 
VLAD Alexandra Cornelia, Denisa PINZARIU, Ana-Ioana POP, 
HODISAN B., Elena-Suzana BIRIS-DORHOI*, Maria TOFANĂ*
 
University of Agricultural Sciences and Veterinary Medicine Cluj-Napoca, 
Faculty of Food Science and Technology, 3-5 Calea Mănăștur Street,400372, Cluj-
Napoca, Romania 
*Corresponding author: maria.tofana@usamvcluj.ro 
 
Abstract. This pathology was first described in 1934 by the 
Norwegian doctor Asbjorn Fölling, at the Institute of Physiology of the 
University of Oslo. PKU belongs to the group of hyperphenylalaninemias 
(HPA), a group that includes the causes that increase the concentration of 
plasma phenylalanine. The most common cause of HPA is phenylalanine 
hydroxylase (PAH) deficiency which causes excessive accumulation of 
phenylalanine in the bloodstream, affecting the central nervous system. 
Prevention of complications caused by PKU is the main goal at the time of 
diagnosis. The therapeutic intervention is sustained throughoutlife, this 
being made up of a diet aimed at limiting the intake of phenylalanine (Cruz 
et. al., 2002). Several studies have shown a decrease in antioxidant capacity 
in patients with PKU. Almonds (Prunus dulcis) are an important source of 
vitamin E (α-tocopherol), a fat-soluble vitamin with an antioxidant role. 
Brazil nuts (Bertholletia excelsa) are among the richest sources of selenium. 
The literature describes low selenium levels in patients with PKU. The 
extraction of α tocopherol and selenium from almond seeds and brazil nuts 
could contribute to the development of a dietary supplement with 
antioxidant potential, so that the nutritional status of patients with PKU. 
 




Phenylketonuria (PKU) is an autosomal recessive genetic metabolic 




enzyme phenylalanine hydroxylase (PAH). These enzyme catalyses the 
chemical reactions involved in the metabolism of the amino acid 
phenylalanine. 
Phenylalanine is an essential amino acid, introduced into the body 
through food. The main sources of phenylalanine are: products of animal 
origin (meat, eggs, milk and milk products), legumes (peas, lentils, beans), 
cereals (semolina, wheat flour, rye, rice, corn), oilseeds (peanuts, nuts, 
almonds, breast milk, artificial sweeteners (aspartame) (Litwack, 2017). 
Enzyme deficiency causes excessive accumulation of phenylalanine 
in the bloodstream, thus affecting the central nervous system. 
Neuropsychiatric disorders and mental retardation can be prevented through 
a proper diet, the main nutritional goal being the reduced intake of 
phenylalanine (Schuck et al., 2015). 
The incidence of PKU varies by geographical area and ethnic 
groups, affecting both sexes equally. Globally, the incidence of PKU is 1: 
20000 newborns. Epidemiological studies have shown the highest incidence 
in white infants in Europe: 1:5000 - 1:15000. In Romania the prevalence is 
estimated at 1:10000. 
Prevention of complications caused by PKU is the main goal at the 
time of diagnosis. The therapeutic intervention is sustained throughout life, 
this being made up of a diet aimed at limiting the intake of phenylalanine 
(Al Hafid et al., 2015). 
In patients with PKU, markers of oxidative stress are present at the 
time of diagnosis (Borrajo et al., 2016). In PKU, antioxidant systems are 
reduced (Preissler et al., 2015). The extraction of α tocopherol and selenium 
from almond seeds and brazil nuts could contribute to the development of a 
dietary supplement with antioxidant potential, so that the nutritional status 
of patients with PKU. 
 
Obtaining and characterizing of extracts 
 
Methods for obtaining α-tocopherol from almond seed oil 
Tocopherols are natural antioxidants soluble in lipids with high 
biological activity (Thomas et al., 2015). The generic term for tocopherols 
and tocotrienols is vitamin E which contains α, β, γ tocopherols, α, β, γ 
tocotrienolandtocotrenol (Saini et al., 2018). The latter contains a 




Tocopherols are present in cereals (rice, oats, barley, wheat), but the 
most important source is oilseeds and oleaginous fruits (nuts, almonds) 
(Bradley, 2017). 
The most active biological form of vitamin E is α tocopherol which 
protects the body against chronic and degenerative diseases by increasing 
the resistance of low density lipoproteins (LDL) to oxidation (Gundev et al., 
2019). 
Several methods have been described in the literature for the 
determination of tocopherol using High Performance Liquid 
Chromatography (HPLC) (Zaman et al., 2012). Most oil extraction methods 
are based on saponification, direct solvent extraction, Sohlet extraction, 
liquid-liquid extraction, solid phase extraction, they require additional steps 
before performing the actual technique (Alghamdi et al., 2017). These steps 
include solvent extraction, drying and reconstitution; therefore, they 
generate considerable volumes of chemical waste and are difficult to 
control. 
Because α-tocopherol and other bioactive compounds are sensitive to 
oxygen, light, and prolonged exposure to alkaline conditions, these ideas 
should be considered to prevent partial degradation of tocopherol and other 
components during their extraction (Alghamdi et al., 2017). The methods 




For the extraction of tocopherols from soybeans, Lee et al., described 
in their study several extraction methods, one of them being saponification. 
Soybeans are an important source of polyunsaturated fatty acids, fat-soluble 
vitamins, especially tocopherols. For this reason, I believe that this method 
can be used to extract α -tocopherol from almond seeds. 
In their study, Lee et al. used 3 methods of tocopherol extraction: 
saponification, Soxhlet extraction and solvent extraction. Finally, they 
compared the 3 extraction methods and found that direct solvent extraction 
was the best method for extracting tocopherols from peanuts and peanut 
butter (Lim et al., 2017). 
 
Principle of the method: 
Saponification is the process by which the fatty acids in the 
triglycerides or fat are hydrolyzed by an alkali to give glycerol and 





Materials and methods: 
- 3 g of ground soybeans were mixed with 10 ml of pyrogalol-
containing ethanol (PG 6%); 
- After 5 minutes of sonication, 5 ml of 60% potassium hydroxide 
were added; 
- The vessel was washed with nitrogen gas for 1 minute; 
- After attaching an air condenser, the contents were digested at 70 
degrees Celsius for 50 min, in a stream of water; 
- After cooling on an ice bath, 20 mL of 2% sodium chloride was 
added, and the mixture obtained was extracted three times with 20 mL of 
extraction solvent (hexane / ethyl acetate 85:15) with 0.01% BHT; 
- The extracts were collected and diluted to 50 ml, followed by 
filtration through a 0,45 mm nylon membrane filter. 
 
2. Liquid-liquid extraction / solvent extraction (LLE) 
 
Principle of the method: 
Liquid-liquid extraction (LLE), also known as solvent extraction, is 
a method of separating metal compounds or complexes based on their 
relative solubility in two different immiscible liquids, usually water (polar) 
and an organic solvent (LLE) nonpolar. 
For the extraction of carotenoids and vitamin E from palm oil, 
Othman et al. used hexane as a solvent in this method (Othman et al., 2010). 
Short chain alcohols, especially ethanol and isopropanol, have been 
proposed as alternative extraction solvents because hexane presents a 
potential fire, health and environmental hazard. Alcohols have the ability to 
extract more non-glyceride material than hexane, due to their higher 
polarity. Organic solvents are partially toxic and flammable. 
 
Materials and methods: 
- 2 g of ground soybean was added to a 125 mL thickened beaker; 
- 4 mL of hot water (80 degrees C) was added; 
- 10 mL isopropanol was added; 
- 5 g of anhydrous magnesium sulphate was added; 
- 25 mL of hexane / ethyl acetate was added (85:15 solvent 
containing 0.07% butylated hydroxytoluene); 
- The mixture was homogenized for 1 min using a Polytron® stirrer 




- The mixture was filtered with a filter apparatus with a medium 
porosity filter; 
- The filter was washed with 5 mL of extraction solvent and the 
filtrate was transferred to the 125 mL beaker; 
- The filtrate obtained was transferred to a 100 ml volumetric flask 
and diluted with the extraction solvent; 
- The final product was filtered through a membrane with a 0.45 mm 
nylon filter; 
- 2 mL of filtrate was evaporated with nitrogen gas and brought to 
the appropriate concentration for analysis with the mobile phase. 
 
3. Soxhlet extraction 
 
Principle of the method: 
The device with which this extraction can be performed was 
invented in 1879 by Franz von Soxhlet. With its help, lipids can be extracted 
from a solid material. This extraction is used when the compound of interest 
has limited solubility in a solvent and the impurities are insoluble in that 
solvent. Juhaimi and Ozcan (2018), in their study compared different 
extraction methods on grape seeds (including Soxhlet) to see if tocopherol 
compounds varied. 
Materials and methods: 
- 5 g of ground soybean is introduced into the Soxhlet apparatus and 
extracted using the extraction solvent (hexanes / ethyl acetate 85:15 volume 
with 0.01 BHT); 
- The extraction was done under yellow light for 24 hours; 
- The extract obtained was diluted to 100 mL, followed by filtration 
through a 0.45 mm nylon membrane; 
In table 1 are presented the advantages and disadvantages for each 
type of extraction taken into consideration. 
 
Table 1  
Advantages and disadvantages of α-tocopherol extractions 
Type of extraction Advantages Disadvantages 
Saponification 
- Extraction of 
compounds of interest from 
various types of samples, 
including erythrocytes, animal 
tissues and organs, plants, 
animal feed, food especially 
- Formation of 
emulsions when the 







seeds conditions during 
extraction must be 
properly controlled as 
degradation of the 
analyte may occur 
rapidly 
- The ethanol 
concentration must be 
kept below 30% during 
saponification, thus 
reducing the amount of 
fat and tocopherols in 
the sample 
- According to 
the results obtained in 
their study, researchers 
Lee and collaborators 
stated that of the 3 
extraction methods, this 
method obtained the 




- The highest amount 
of tocopherols obtained from 
peanuts and peanut butter, 
compared to the 2 extraction 
methods (Lee et al., 1998) 
- Hexane used 
as a solvent presents a 




- According to the 
study conducted 
by Lee et al., this 
type of extraction 
obtained the 





Supercritical fluid is also used for extraction because it can provide 
an extremely selective process (Leo et al., 2005). High pressure technology 
is used in Supercritical Fluid Extraction (SFE). The application of 
supercritical fluid extraction using supercritical carbon dioxide (SC-CO2) as 




dioxide (CO2) is non-hazardous and non-flammable compared to highly 
flammable petroleum-based solvent, such as hexane or acetone (Othman et 
al., 2010). Carbon dioxide is inert, non-toxic, non-flammable and 
recyclable, in addition to leaving no residue in the products. However, 
Alghamdi et al. (2017) do not recommend this method for tocopherol 
extraction. 
Unfortunately, there are some disadvantages of SFE, as it requires 
operating pressures that are usually much higher than environmental 
conditions, solvent compression that requires elaborate recycling measures 
to reduce energy costs, and also high capital investment for equipment 
 
4. High Performance Liquid Chromatography, HPLC 
 
To obtain α-tocopherol, high performance liquid chromatography 
can also be used. The first step is to perform sample dilutions. A study used 
almond seed oil as a sample. They diluted 40 µL of almond seed oil in 960 
µL of dichloromethane and stirred for 1 minute (Grilo et al., 2014). 
Dichloromethane was chosen because it allows a better solubility of the oil 
and is also miscible with the solvent (methanol) used in the mobile phase of 
chromatography. 
 
Principle of the method: 
High Performance Liquid Chromatography (HPLC) is a method of 
separation and qualitative analysis used in biochemistry and analytical 
chemistry for the separation, identification and quantification of chemical 
compounds. HPLC uses a column loaded with different materials (stationary 
phase), a pump that pushes the mobile phase through the column and a 
detector that indicates the retention times of the molecules. The retention 
time depends on the interaction between the stationary phase, the molecules 
to be analysed and the solvents used. 
 
Material: 
The reagents used in the study were: methanol, n-hexane, dl- α 
tocopherol, potassium hydroxide and anhydrous sodium sulfate, purchased 
from Fluka. Walnuts and seeds were purchased from various stores in 
Pakistan. 
The HPLC system used was from the Perkin Elmer 200 series with 




chromatographic interface, UV-VIS detector, 20 µL loop injector with 




Preparation of standard solutions 
Stock solutions of α-tocopherol were prepared in methanol. 0.1 g of 
α-tocopherol was dissolved in 100 ml of methanol. Then 10, 100, 200, 300, 
400 and 500 ppm standard solutions of α -tocopherol were prepared by 
appropriately diluting the stock solution. 
 
Sample preparation 
1. Oil extraction 
Extraction of the oil from various seeds and nuts was performed with 
a Soxhlet extractor using n-hexane as solvent. 15 g of the dried 
homogenized sample, from different seeds and nuts, were placed separately 
in containers and extracted for 6 hours at 80°C. The sample oils in the form 
of additional solvent were then removed by rotary evaporator under 
vacuum. 
2. Separation of α -tocopherol 
To separate α -tocopherol, these oil samples were saponified as 
follows: 
- 5.0 g of oil were mixed with 10 ml of 4.0 M KOH in methanol at 
80°C for 30 min; 
- The solution obtained is then transferred to a separatory funnel 
together with 50 and 120 ml of water distilled successively to remove the 
aqueous phase; 
- The organic phase was washed three to four times with 50 ml of 
distilled water and filtered over anhydrous Na 2 SO 4 to remove moisture; 
- The resulting organic solution is evaporated on a rotary evaporator 
to obtain the residue; 
- The residue was dissolved in 50 µL methanol; 
All samples were similarly prepared and stored in airtight glass vials. 
 
Quantification of α-tocopherol 
α -tocopherol content from seeds and nuts were measured by reverse 
phase HPLC and UV detection at 295 nm. 




- Pure methanol was used as the mobile phase during the analysis at 
a flow rate of 1-2 mL / min; 
- The same procedure was used for standard solutions; 
- The column was washed with methanol for 10 minutes after each 
analysis of the sample to remove traces of impurities and residues; 
- Chromatographic peaks of α-tocopherol were observed at 7.0-7.44 
min; 
The concentration of α-tocopherol in these samples varies between 
0.15 - 212.5 mg / 100 g of sample. It has been observed that for tocopherol 
extraction it is necessary to saponify for high fat samples in order to remove 
excess fatty acids before their HPLC analysis. 
 




Principle of the method: 
The iodometric technique is the most sensitive, but the most accurate 
of all titrimetric methods for the determination of selenium (Osburn, 1969). 
Iodometry, known as iodometric titration, is a method of volumetric 
chemical analysis, a redox titration in which the depletion or disappearance 
of elemental iodine indicates the end point (Soruraddin et al., 2011). 
To perform this method, a quantitative separation of selenium is 
required. 
The iodometric method was proposed by the researcher Klein and 
involves the distillation of selenium to Se Br4, its precipitation and titration 
with thiosulfate (Dugo et al., 2003). This method is used to determine the 
amount of selenium in plant extracts, water, soil, animal tissue with an 
amount of more than 0.01 mg. 
Researcher Da Silva and collaborators described in their research a 
method of extracting selenium from Brazilian nuts. The aim of their 
research was to analyse the amount of selenium in Brazilian nuts in different 
areas of South America (Da Silva et al., 2017). 
 
Materials: 
-50 Brazilian nuts were collected from different parts of South 
America; 




- They were dried at 60 degrees Celsius, reaching a constant weight 
for 72 hours; 
- The initial and final weights were noted for all samples; 
- after peeling, the average weight of the 3 nuts was calculated to 
obtain the Se content and were subsequently ground by hand; 
- After grinding, 0.5 g of each sample was taken in triplicate for the 
digestion technique (the method described by the researcher Malavolta et 
al., 1997 was adapted). 
 
Methods: 
1. Sample digestion 
- 6 ml of mixture (2:1 v / v) consisting of nitric acid (HNO3 ≥ 65%) 
and perchloric acid (HClO4 69.72%); 
- The extract was left overnight (16 hours) at room temperature and 
digested the next morning; 
- For the digestion of the samples, a metal digestion block was used, 
with an initial temperature of 50 degrees, which was gradually increased by 
50 degrees every 30 minutes until the completion of 2 hours of digestion 
(final temperature of 200 Celsius degrees); 
- After digestive procedures, the extract was kept for 15 minutes at 
room temperature to cool and then 10 ml of deionized water was added to 
each extract; 
- The final volume was poured into 30 ml vials and stored at 5 
degrees Celsius until analysis. 
 
2. Analytical determination of selenium 
- Selenium from digested Brazilian walnut samples were analysed by 
GFAAS (Zeeman background correction atomic absorption spectrometry 
and EDL lamp for Se; Analyst ™ 800 AAS, Perkin Elmer); 
- A standard stock solution containing 1 g Se kg
-1
 (≥ 98% purity, 
Fluka, Buchs, Switzerland) was used to prepare the calibration curve for the 
determination of Se by GFAAS; 
- Data on the total Se concentration in Brazilian nuts were reported 




3. Calculation of detection and quantification limits 
- Detection and quantification limits (LOD and LOQ) were 




- The values were calculated with three and ten times the standard 
deviation (LOD and LOQ respectively) of the 10 white solutions prepared 
individually for the Brazilian walnut samples; 
- For the analysis of Brazilian nuts, the LOD (µg of Se kg-1 of 
extract) was 3.67 (LOQ of 12.23 µg kg-1); 
- The LOD for Brazilian nuts (µg Se kg-1) was 550.17. 
 
The amount of selenium in the test samples ranged from <0.5 to 
146.6 mg Se kg
-1
, depending on the area of origin. Brazilian nuts from the 




Dietary therapy is the main treatment in PKU. The therapeutic 
objective is to reduce the concentration of plasma phenylalanine through a 
restricted diet of phenylalanine and natural proteins, which will be 
associated with a complementary diet of synthetic proteins and low-protein 
dietary foods. 
Observational studies show that the treatment and maintenance of 
metabolic control throughout life are essential for people with PKU. 
The extraction of α-tocopherol from Almond seeds and selenium 
from Brasil nuts could contribute to the development of a dietary 
supplement with antioxidant potential, thus improving the nutritional status 
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